Abstract-Strategic investment decisions are characterized by high innovation potential and long-term effects on the competitiveness of enterprises. Due to the uncertainty and risks involved in this complex decision making process, the need arises for well-structured support activities. A method that considers cost and the long-term added value is the cost-benefit effectiveness estimation. One of those methods is the "profitability estimation focused on benefits -PEFB"-method developed at the Institute of Management Cybernetics at RWTH Aachen University. The method copes with the challenges associated with strategic investment decisions by integrating long-term non-monetary aspects whilst also mapping the chronological sequence of an investment within the organization's target system. Thus, this method is characterized as a holistic approach for the evaluation of costs and benefits of an investment. This participation-oriented method was applied to business environments in many workshops. The results of the workshops are a library of more than 96 cost aspects, as well as 122 benefit aspects. These aspects are preprocessed and comparatively analyzed with regards to their alignment to a series of risk levels. For the first time, an accumulation and a distribution of cost and benefit aspects regarding their impact and probability of occurrence are given. The results give evidence that the PEFB-method combines precise measures of financial accounting with the incorporation of benefits. Finally, the results constitute the basics for using information technology and data science for decision support when applying within the PEFB-method.
I. INTRODUCTION
TRATEGIC investment decisions (SID) are defined as "substantial investments that involve high levels of risk, produce hard-to-quantify (or intangible) outcomes and have a significant long term impact on corporate performance [1] ." Hence, the process of strategic decision making (SDM) has emerged as an important research field over the past decade [2] .
Controlling the complexity and uncertainty surrounding
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SID presents particular challenges for the management [3] . In addition, SID have an effect on the whole competitiveness of the organization [4] , [5] . For this reason, efficient information search and evaluations are necessary [6] . The evaluation of accounting for SID has to pay more attention to scenariobased techniques [7] , [8] .
Field studies give evidence that traditional profitability analysis assessing SID is supplanted by sophisticated techniques in terms of linking qualitative and (quantitative) financial aspects [1], [9] - [11] . While the quantification and assignment of cost is examined extensively, there are fewer methods for the assignment of long-term benefits [12] . In fact, the evaluation of utilizing quantitative and qualitative criteria in decision making is a challenge when implementing effective decisions [13] . However, involving teams in the decision making process (DMP) improves the quality of the decision [14] and allows for alternative evaluations in the problem solving process [15] . Hence, much of the DMP in companies is decided as a team [16] , [17] .
The PEFB-method [18] , [19] faces challenges with SID. However, since its development there has been no evaluation of the method itself regarding its applicability. Hence, a review of requirements and a comparative analysis of the gathered cost and benefit aspects are required. With these results, the applicability of the PEFB-method is confirmed and the baseline for future research is set up.
II. STATE OF THE ART
Research has aimed to answer the questions surrounding which analyses are being used to assess SID [20] . In fact, financial accounting information assists managers to give a quantitative overview of the current company situation and prepare for future decisions [21] . Hence, SID are usually based on economic criteria, often without considering qualitative issues [22] . Even if qualitative criteria is incorporated in the SID, there is a lack of structured and validated methodologies [23] , [24] . However, scientists argue that an organization's philosophy itself and organizational context vary across circumstantial settings [25] , [26] .
The DMP is characterized by different attitudes and different knowledge of uncertainties arising as a result of imprecisions and vagueness of information [27] . In particular, SDM is involved with questions affecting the long-term success of the company, the allocation of significant resources and the trade-off in ambiguous situations as a result of insufficient information [28] , [29] .
In general, involving teams in decision making (DM) improves the solution quality and generates a wider variety of classification of costs and benefits, the evaluation and quantification of measures, visualization of cost and benefits as well as the investment decision. The method uses two different portfolios for the classification of costs and benefits (cf . Table II, cf. Table III) . Costs and benefits of the investment are defined and assigned in terms of their impact on the project as "direct", "indirect" or "difficult to ascertain" aspects.
Direct costs or benefits are those, which are related to the investment and enable the impact to be measured directly, e.g. acquisition costs or increase of productivity. Accordingly, indirect costs or benefits are a derivate from direct effects, for instance maintenance costs or increased quality. Finally, "difficult to ascertain" costs or benefits contain effects which can only be presumed, like demotivation of employees or improving the image of the company. Moreover, the measures are classified regarding their probabilities of occurrence into the classes high, medium, and low. Corresponding to the introduced impact classes, the measures are assigned in a 3x3-matrix. Each cell of the matrix contains a so called risk level, reaching from 1 to 9. The two portfolios differ in the arrangement of the risk level. Meanwhile, direct costs with high probability are assigned to the risk level 9 (cf. Table II), benefit risk levels are designated contrarily. Direct benefits with high probability of occurrence refer to risk level 1 (cf. Table III) . Within the framework of visualization, the levels define a ranking scale of measures. After the classification and quantification of the aspects, the filled cells of the matrix are aligned in two numerical series. The overall costs (C m ) for each risk level (j) are calculated from the individual cost aspects (c j ) (refer to (1)). The modality for the computation of the overall benefits (B n ) each benefit (b j ) is done similarly (see (2) ).
The value of each risk level is recorded in a risk oriented PEFB-chart (see Fig. 2 ). In relation to the possible intersection situations, four general cases can be distinguished. On the one hand, when the cost function is beneath the benefit function in all nine levels, the investment is economically evaluated as recommendable without restrictions. On the other hand, if the cost function is always above the benefit function, the investment is evaluated as definitely uneconomical. Finally, in the case of an intersection of both curves, an interpretation of the risk level is required.
Investment scenarios with an intersection of both graphs in risk level 1 are the most economically reasonable. In terms of the descriptive interpretation, the overall costs are exceeded by direct and highly probable benefits. Contrarily, the worst economically reasonable investment scenario is at the location of the intersection point at the risk level 9. In this intersection point, direct and highly probable costs exceed all possible benefits. In step 6, the next stage of the investment decision is determined. Depending on the results, this step relates to whether a plan of action or plan implementation is necessary. In particular, the advice regarding the evaluation of strategies is directly incorporated into the transfer process. Finally, the interdisciplinary investment team appraises the experiences gathered during the process (step 7). Accordingly, in the reflection phase a review of the whole investment evaluation process is carried out and appropriate recommendations are made. However, there is need to prove the compliance of the PEFB-method with (R1) and (R4). Thus, further research with regard to the fulfillment of the requirements is needed.
IV. RESEARCH DESIGN
The PEFB-method was applied in research projects as well as industrial projects. To evaluate the method's compliance with the precise measure of financial accounting (R1) and the treatment of insufficient information (R4), a chronological overview is shown in Table IV . Due to non-disclosure agreements, only the results of 14 independent workshops are allowed to be used for public evaluation. Besides the 14 applied PEFB-methods introduced over the last 10 years, the date of application and a short description of the assessed subject are given. In addition, a categorization of the projects is also provided. The categories display the areas of assessment divided into technology and methodology evaluation. Among the 14 displayed application fields, 7 belong to the category of technology assessment, whereas 4 projects belong to the methodology assessment. In 3 cases a mixture of the methodology approach and a launch of a new technology were assessed. During the application of the PEFB-method, more than 96 costs aspects and 122 benefits were acquired. Due to inconsistencies within specific aspects, there is a need for data processing. In order to perform a baseline study of correlating data, aspects aligned into different impact classes were excluded. If aspects are aligned within the same impact class, but dedicated to other probabilities of occurrence, they were adapted manually. These aspects are marked in the cost and benefit library. The adaption was performed either by majority or the lower risk level. Due to non-total order of the different risk levels the average risk level is not calculated.
A. Cost Aspects
Regarding these different types of applications, more than 96 different cost aspects were gathered. Among those, 13 aspects were inconsistent within their aligned impact classes. Hence, these values were canceled for the evaluation. Moreover, 5 aspects were adapted manually (marked). Table V gives an overview of the remaining 83 cost aspects in their original terms. Besides the aspects itself, the number of nomination [n] is illustrated just like the risk level.
The total number of the aggregated costs aspects is 125, thus the average number of cost aspects for one PEFBapplication is 8.93. Besides some common aspects like capital costs, the reduction of staff, or the demotivation of the employees, most of the aspects are individual for each project. The average number of nomination is 1.51. The distribution of all cost aspects within the impact classes are presented in Fig. 3 .
The impact class of direct costs has a share of 57.83%. This impact class consists of 75.00% of high probability costs (risk level 9). This makes up the majority in this class followed by medium probabilities of 18.75% (risk level 7). In the end direct costs with low probability gain a share of 6.25% (risk level 4). Compared to impact class of direct costs, indirect costs have an overall share of 25.30%. The class consists of a share 38.10% for high probability costs (risk level 8), 33.33% for medium costs (risk level 5) and 28.57% for low probabilities (risk levels 2). In particular, the impact class of difficult to ascertain costs has a share of 16.87%. The majority within this impact class is formed by low probabilities with a share of 57.14% (risk level 1). Meanwhile, medium probabilities have a share of 28.57% (risk level 3). Finally, high probabilities (risk level 6) gain a share of 14.29%.
B. Benefit Aspects
In addition, the preparation of the benefit aspects was done in the same way. By data adjustment, 30 benefit aspects with inconsistent impact class alignments were deleted from the overall number of 122 benefit aspects. Collectively, the total number of aggregated benefit aspects is 131. Like the cost aspects, most of the benefit aspects are mentioned once, thus the average number of nominations is 1.42. The overall average number of benefits aspects for one application is 9.36. Common benefit aspects are, e.g. documentation, image gain or increased flexibility through implementation of technology.
In contrast to the cost aspect distribution, the allocation of the benefit matrix is shown in Fig. 4 . The direct benefits gain a share of 43.48%. Within the impact class, high probability benefits (risk level 1) have a share of 55.00% followed by 40.00% with medium probability (risk level 3). Direct benefits with a low probability of occurrence have a share of 5.00% (risk level 6). With respect to the impact class of indirect benefits the share of 35.87%, consist of 36.36% for high probability aspects (risk level 2) as well as 36.36% of medium probability aspects (risk level 5). Aspects with low probabilities have a share of 27.28% (risk level 8). On top of that, the impact class of difficult to ascertain benefits has an overall share of 20.65%. The proportion within the impact class consists of 42.11% for high probabilities (risk level 4), 47.37% for medium probabilities (risk level 7) and 10.52% for low probabilities.
V. DISCUSSION OF THE RESULTS
The distribution of high probability cost aspects decreases throughout the impact classes (cf. Fig. 3 ). In contrast, the share of low probability aspects increases with the opportunity to use qualitative aspects. Based on this fact, the increasing uncertainty among the impact classes leads to a risk-averse assessment. Furthermore, the share of the impact classes decreases from direct costs to costs that are difficult to ascertain. One possible reason for the major share of direct costs might stem from an accounting department. Risk level 6 [5,00%] Risk level 8 [27,28%] Risk level 9 [10,52%] Indirect [35,87%] Direct [43,48%] Difficult to ascertain [20,65%] Risk level 2 [36,36%] Risk level 5 [36,36%] Risk level 4 [42,11%] Risk level 7
[47,37%] In particular, a share of 75.00% for risk level 9 and 18.75% for risk level 7 represents the precise recording of these cost factors. Analyzing the impact class of indirect costs (25.30%) highlights a change in the distribution of probability share. All probabilities roughly gain a share of around 30.00%. This result represents the transitional period from the quantitative to the qualitative aspects, where cost aspects are not easily provided by the accounting department. Despite that, difficult to ascertain costs gain a share of 16.87%. Actually, this result provides evidence for literary research by describing that cost estimation could be done precisely by accounting departments. Interpretation of the benefit evaluation clearly shows that the relevant requirement is met, including long-term effects on SID Thus, the PEFB-method meets the demand of the precise measure of financial accounting (R1). In contrast, the benefit aspects differ in their share of impact classes and probabilities (cf . Fig. 4 ). The share of the direct impact class of benefits is around 14% lower than the share of the direct costs. Indeed, the share of the indirect impact class increases around 13% compared to costs. With a difference of nearly 4%, the impact class of difficult to ascertain benefits is in a similar situation to the costs class. For every class there is a significant difference regarding the distribution of the probabilities of occurrence within the impact classes. Moreover, there is an increase in the share of all probabilities in the impact class of difficult to ascertain aspects. It is likely therefore that this constitutes to the fact that benefits in comparison to costs are surrounded by more uncertainty within the evaluated projects. The benefit distribution reveals that a resolution of insufficient information is ensured (R4).
BENEFITS
The overall purpose of the PEFB-method is to gain knowledge regarding the investment decision. Due to reflecting potential impacts, future development becomes more certain. With respect to the challenge of SID, the use of the different impact classes represents qualitative aspects just like quantitative aspects. Hence, the results of the overall distribution of cost and benefit aspects are different.
Regarding the impact of cost and benefit distribution, Fig. 5 shows the relative frequency of the introduced cost and benefit aspects in the PEFB-chart. A sample of one assessed project reveals that the average value of the cost and benefit aspects fluctuates at around +/-10%, hence, the representation of the qualitative analysis is possible. The general intersection point of the evaluated projects is stated at the risk level 3.92. According to the classification of the risk portfolio, there are two interpretations. The SID depends on the probability of benefits with high probability of occurrence and direct benefits with medium probability of occurrence. Indeed, SID are functions from which it is particularly difficult to ascertain benefit aspects with a high probability of occurrence (risk level 4). Secondly, the run of the cost curve illustrates the SID to be a function of all costs aspects with high probability of occurrence just like direct and indirect cost aspects with medium probability of occurrence.
In general, the comparative analysis indicates that the PEFB-method is able to provide a precise measure of cost accounting besides the compilation of long-term effects. Hence, the PEFB-method could be stated as one possible method to assess SID. However, the presented evaluation is only one step to refine the PEFB-method. The purpose is to define a catalogue with aggregated cost and benefit aspects with predefined risk levels. Therefore, the company has to choose the aspect itself and put it in the organizational context.
Referring to the results of the conducted study, it is possible to illustrate for the first time the relationship between benefit and cost aspects as a function of temporal sequences. The results illustrate the importance of indirect benefits in decision making processes. However, these aspects are surrounded by uncertainty, thus there is a need for more information. Modern information technology provides approaches like data science, predictive analysis and big data methods to gather more information. The combination of a participation oriented decision making process and data science is an interesting field of research for the advancement of the PEFB method.
VI. FUTURE RESEARCH
In general, progresses in information technology and participation oriented methods need to be linked to future research. Especially, methods of information search like data science are becoming promising approaches increasing information quality and the validity of SID. In order to use data science for information search within the PEFB-method, a methodology to assess information quality has to be developed. The challenge is to identify information sources and their ranking. In addition, future research based upon this evaluation should focus on several aspects. In particular, the visualization of the PEFB-results needs a refining. The interpretation of the intersection point gives no statement regarding profitability. Hence, the challenge is to combine visualization of the results and a sensitivity analysis of the quantified aspects. Moreover, the evaluation of the risk level alignment, the distribution of the quantified aspects and real monetary values should be evaluated, too. In addition, a review of the success rate of implemented technologies or applied methodologies is required.
With regard to the correlating data preparation, 43 aspects were excluded from the evaluation because of inconsistency in the alignment into impact classes. The split of the excluded data is 13 cost aspects and 30 benefit aspects. In fact, the number of benefits is more than 2.3 times higher than the elimination rate of the cost aspects. Hence, the examination of these aspects and the reason for the inconsistency is required.
A promising approach to explain the inconsistency might be the constitution of the interdisciplinary investment team. In particular, the role of the interdisciplinary investment team with regards to risk preference, personal affection and moderating team effects should be examined. Furthermore, the subject of the PEFB-method has to be reviewed in terms of the surrounding uncertainty expressed by the desired target situation. 
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